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Introduct ion 

The p o s s i b i l i t y  of s p e c i f i c  adsorption of the a lkal i  metal 

Most of the work has been done i n  aqueous so lu t ions ,  

ions a t  a mercury-solution in te r face  has been inves t iga ted  by 
a number of workers, bu t  a s  yet  no firm conclusions have been 
reached. 
f o r  which there  a r e  now abundant data. I n  a recent  paper we 
reported r e s u l t s  of measurement6 of the surface excessea of 
potassium and chlor ide ions at the i n t e r f a c e  between a mercury 
electrode and a so lu t ion  of potassium chlor ide i n  fonnamide 
which indicated that s p e c i f i c  adsorption of the potassium ion  
w a s  occurring. I n  an attempt t o  c l a r i f y  the e i t u a t i o n ,  t h e  
surface excesses of anion and c a t i o n  have been determined 
from e l e c t r o c a p i l l a r y  and double l a y e r  capaci ty  measurements 
f o r  a mercury e lec t rode  i n  contact  w i t h  a cesium chlor ide 
so lu t ion  i n  formamide. 
ch lor ide  and cesium chlor ide  so lu t ions  have been aubjected t o  
a components of charge analysis .  

The r e s u l t s  f o r  both the  potassium 

Experimental 

The procedures used f o r  the p u r i f i c a t i o n  of reagents  and 
preparat ion of so lu t ions  have been described previously. 
I n t e r f a c i a l  t ens ions  were measured as a funct ion of appl ied  
p o t e n t i a l ,  uaing a c a p i l l a r y  electrometer  1 i n  0.050, 0.0889, 
0.100 and 0.179 molal so lu t ions  of cesium chlor ide  i n  formamide. 
The reference of p o t e n t i a l  w a s  a si lver-milver  chlor ide e lec t rode  
in t h e  same so lu t 'ons ,  and i n t e r f a c i a l  t ens ions  were reproducible 
t o  ,* 0.2 e r g  cm-$ except a t  the most cathodic p o t e n t i a l s ,  me+t 
the  agreement w a s  

Resul t s  

appl ied p o t e n t i a l  for the concentrat ions of cesium chlor ide  atudied. 
From the  v a r i a t i o n  of i n t e r f a c i a l  t ens ion  w i t h  chemical p o t e n t i a l ,  
a t  constant  p o t e n t i a l  E, , the  surface excessea of cesium and 
ch lor ide  ions can be evaluated. This has been done for 0.100 P 
cesium chlor ide,  following the procedure out l ined by Bockria e t  a1 2. 
The magnitude of the  e lec t rode  charge a t  a given PO en t ia1  w a s  
obtained from previously reported capacitanc data . Figure 2 
shows a p l o t  of the surface excesses z ? . F e e *  
p o t e n t i a l  for 0.100 m cesium chlor ide  and for comparison t h e  surface 
excesses i n  0.071 m potassium chlor ide1 . 

0.5 e r g  cm-2. 

Figure 1 shows the  v a r i a t i o n  of i n t e r f a c i a l  tension,  8 ,  with 

P* 

t 
as a func t ion  of 



Discusrion 

The fonn of the  rurface exceso p l o t s  i n  f igu re  2 indicates  
t h a t  spec i f i c  adsorpt ion of ca t ions  i e  occurring i n  the f a r  
cathodic region i n  both potarsium and cesium chlor ide Bolutions. 
The surface exceae of anions reachee a minimum value and then 
increares  as the po ten t i a l  becomes more cathodic. 

Payne3 has rhovn that iodide ions a re  not spec i f i ca l ly  
adeorbed a t  e lec t rode  charges more cathodic than -10 h c o u l  .car2. 
Since the ch lor ide  ion would be expected t o  be epec i f ica l ly  
adsorbed t o  a smnllcr extent  than iodide,  it i e  reaoonable t o  
assume that beyond -1.2 v, It which the electrode charge is 
approximately -13 ,ucoul.cm' , there  i8  no spec i f i c  adsorption of 
chloride ions. I n  t h i e  region, therefore ,  the charge due t o  
spec i f i ca l ly  adsorbed cat ions,  ql+ , can be calculated from the 
re la t ionships  

( 8 )  
L, Fc!= -9, 2-8 

q:-S = ~ ( ~ - 1 9 - 4 6 q a - 1 )  ( C )  

q- 2-8 = -~(e19.46 92 -1) (b) 

(d )  = f + P c - q 4  2-8 
q+ 

where the symbol8 have their umual meanin e. 
chlor ide m d  cesium chlor ide,  a p lo t  of qf 4 vs E, wan l i nea r ,  
and .hilar linear re la t ionahips  involving q l -  have been obtained 
in aqueoue so lu t ione  for rpec i f i ce l ly  adaorbed anions 4.5 . 
rea8onrble t o  a s s m e  that t h i s  l i n e a r  r e l a t ionsh ip  in formaPlide 
molotion w i l l  hold so long a8 there  is no anionic  r y c i f i c  adeorption 
T r a p o h t i o n  t o  lover po ten t i a l s  gives  volute  of 94 , from which 
q, can k ca lcu la ted  by means of the following relationmhipr. 

In both potarsium 

It i 8  

The r e s u l t s  of t h i 8  ca lcu la t ion ,  f i gu re  3, show t h a t  q! , 
the anionic m p c i f i c  tdmorptfon, is zero a t  po ten t i a l s  more cathodic 
than - 0.90, 
mpccifically adnorbed anion, it i s  not posaibls  t o  amsign Any mom 
than q u a l i t a t i v e  importurce t o  the results, A t  the  prcocnt time 
there  i r  ao r a y  of rnolyr ing f o r  8imultaneoue spec i f i c  adeorption 
of both anions urd cations.  

When q- ha8 a negative value,  cornoponding t o  



In the region where the anion s p e c i f i c  adsorption is zero,  
t h e  amount of s p e c i f i c  adsorption appears e s s e n t i a l l y  equal  f o r  
both potassium and cesium ion. 
occurring a t  the cathodic extreme is worthy of note,  and it is  
i n t e r e s t i n g  t o  compare t h i s  w i t h  previous r e s u l t s .  ;Payne3 found 
no s p e c i f i c  adsorption of ca t ion  t o  occur i n  so lu t ions  of potassium 
iodide in  fonnamide. Recent surface excess r e s u l t s ,  however, i n  
sodium a d cesium chlor ide so lu t ions  i n  fonaamide, obtained by 
D-eking, while s l i g h t l y  lower than the present  data, lead t o  
s i m i l a r l y  la rge  values of the c a t i o n  s p e c i f i c  adsorption. 

cathodic poten t ia l  appears t o  be constant f o r  t h e  potassium, cesium 
and sodium ions,  and probably a l s o  f o r  the rubidium ion. A t  first 
s i g h t  t h i s  i s  d i f f i c u l t  t o  understand, but by considering t h e  
behaviour of these ions i n  water an9 i n  formamide we can r a t i o n a l i s e  
the  observation. Somsen and Coops have measured the  h e a t s  of 
so lu t ion  of the  alkali halides i n  formamide, and ca lcu la ted  M o S o  , 
the  heat  of so lu t ion  a t  i n f i n i t e  d i l u t i o n ,  i n  each caee. 
of these AHo values w i t h  s i m i l a r  values obtained f o r  the s o l u t i o n  
of the a lka l foka l ides  i n  water shows that [AH0 
is a constant f o r  each s e r i e s  of salts  of the !%r 
metals K, N a ,  Rb, C s  w i t  a given halide ion. Using Van Eck*s approach 

t h e  constancy of the term ( h H  
each solvent  where symbols havgcthe 
accept Grahamelsg suggestion that specific adsorption can be 
considered as so lva t ion  of t h e  ion by mercury, a solvent  of i n f i n i t e  
d i e l e c t r i c  constant ,  then i f  a l l  f o u r  c a t i o n s  a r e  desolvated t o  the 
same extent  the enthalpy change on specific adsorption would be 
constant and given by 

The exten t  of s p e c i f i c  adsorption 

The amount of c a t i o n  s p e c i f i c  adsorption occurring at a giv!n 

Compar f son 

(H20)- A Hosol (HCOWz$ 
a lkal i  

+A\) f o r  a l l  f o u r  c a t i o n s  i n  
t o  the solvat ion of ions 8 , t h i s  has been explained a s  being due t o  

me meaning as  i n  ( 7 ) .  If we 

- A H  = k (AH: - A P  
S 

= k ( AH: +  AH:^+ AH: -A* - AT -Am) 
= 

nc C 
k ( AHf -A I$  4 constant)  

In this  equation AH, is t h e  i o n i c  e n t h p p  
r e f e r  t o  foxmamide and mercury respec t ive ly ,  and the value of k i s  a 
maeure  of the ex ten t  of desolvation, k = 1 indica t ing  complete 
desolvation. -AHc f o r  i n e r t  gas-type c a t i o n s  has been shown t o  be 
equal  t o  the sum of the i o n i s a t i o n  p o t e n t i a l  and the  e l e c t r o n  
a f f i n i t y  of the corresponding metal ions i n  both water and formamide. 
The same is  probably a l s o  t r u e  f o r  mercum, and so - A H  = constant,  
s ince  AH; - 
entropy of s p e c i f i c  adsorption, s ince  we have considered a11 t h e  
ca t ions  t o  be desolvated t o  the same extent .  This would mean that 
the  f r e e  energy of s p e c i f i c  adsorpt ion would be constant ,  r e s u l t i n g  
i n  an equivalent amount of s p e c i f i c  adsorption i n  each case. 

m e n d i n g  this approach t o  the ha l ide  salt8 of a given ca t ion ,  
[AHgol(H20) - AHzol (HCONH2)7 increase8 i n  t h e  order cl'< Br'< I' . 

of U O l V 8 t i O n , f  and m 

= 0. rt is reasonable t o  assume a small or constant 



Since the urfona are of s i m i l a r  rire,A)hc+ A 

i n  ( A T  - AH: 1 along the ser ies .  It i 8  rearonabh t o  aoaume 
that ( AH: - AT ) vi11 8 b w  a .hilar increare since fn tach 
cane ua are going from the rolvent of lower d i e l e c t r i c  conrtant 
t o  tht  rolvent  of higher d i e l e c t r i c  constant . - AH(S A Hf- A v c o n s t a n t  
w i l l  h c r e a u e  in going f r a  chlorids t o  iodide and the f ree  energy 
of 8WCifiC adeorption can  be expected t o  follow the name t t t n d ,  
re8ulting i n  the observed incream in 8peci f ic  adrorption. 

aqocou8 8yeteat8, 80 that we w u l d  expect 
1)equrrlity of c a t i o n  .pacific adrorption. 
2 ) m  i n c r a u e  h mpecffic adrorptfon along the  reries Cl-,Br-,X- 
The l a t t e r  i 8  in accordance with the knovn b e h a o i o v  of these miorno 
at the  mercury-water interface,  

w i l l  again be 
c o n a t m t  in each aolveat ,  and the incream re HBL a c t a  an increaat 

Similar argument8 CUI k advanced for the mercury electrode in 
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